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Absolute photonic band gap in a two-dimensional spare lattice of squaw dielectric rods in air 
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Wo show thai an absolute photonic baud gap exists in a two-dimeosiona! spe lattice of square dielectric 
rods in air, The index of refraction of the square dielectric rods hum be larger than 165 to have the bai'd gap, 
Hus structure is a good candidate far {wwiirau W photonic crystals in tb IR or to visible io near-IR 
MveWi ftft mid an b$ applied to high efficiency optoelectronic devices [SIOSM51Xp7)S0312-i] 
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ft has been well known that periodic dielectric structures of a square lattice of square dielectric rods can occur when 

(photonic crystals) can possess a frequency region in which the index of refraction of dielectric square rodsis larger to 

electagntf tc (EM) mm oitoot propagate in any direc- 2-65, wUch is smaller than those of useftl semiconductors, 

dan [1,2]. This frequflncy region is called die photonic band The absolute PBG of a squai? lattice of square dielec^ic rods 

gap (PBG), which is analogous to the electronic band gap to h * Mfl* frequency region tori those of both a square 

due to tjie spatial periodic efectroiiaiic potential in natural ^ ce of squaw (circular) air rods and a hexagonal lattice of 

crystals, The absence of normal modes of BM waves inside * r0 ^> ^ ^ ov * r a * ^ ^ 

PBG can give rise to unusual physical phenomena, such as ^ 

the suppressed dpoMpofe interaction between atoms [3] We calculate the photonic band structure for the electric 

and the photon-atom bound states [4], The eriancement of ^ (E polarization) and the magnetic field (ft poMatta) 

the density of states of EM waves near PBG edge can ira- ^ c [fac-waw method, where f (fl) polarization means 

prove the performance of optoelectronic devices [5], Thus, * e Mi parallel to the rod A The eigenvalue equations 

the search for photonic crystals generating PBG in two or are « 
three dimensions has attracted a lot of attention [6,7], Pho- 
tonic crystals have very useful and attractive properties 
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which semiconductor crystals do not, Defects in photonic del AfPX) m . 3 

crystals are easily created by either adding oiler dielectric 1 c I 

materials to or mooring dielectric serial from a chosen , 

unit cell in tie periodic lattice [8], His defect can creaie.a ■ 

local modeofEM wave in PBG and act le a microcavity. f ■ 

Tfao3> it Is poasibl&to tunc tl» defect modes to aay frequency 4(K,K')=|K(|K'|e (X-K'J (2) 

in PBG by designing the size, the sbape, and the dielectric , 
! w fc for the iEpotaawn, find 

more easily than three-diraensW ones in the infrared (IR) d(E,K r )=K'K f r ! (K-K') (3) 

D wK wavelength ranees, For this reason, 



attention may have been drawn towards 2D photonic cry's- to ? polarization. Here, K=k+G ( K'=k+G\ where 

tals. They have beec mainly investigated for square and hex- k is the wave vector in the fiist Brillouin zone, and CG' the 

agonal lattices of air rods and dielectric rods with various reciprocal vectors, f '(M) is the Fourier transform of 

cross sections, It wis reported that square and hexagonal to » <* dielectric constant e(r). We use 797 plane 

lattices of circular air rods can give rise to absolute PBffs waves in our demons. When, the number of plane wave? 

[% A hexagonal lattice of single-circular dielectric rods in ™s increased to 1297, the difference in the results was less 

air do not give rise to absolute BQ\ On the other hand, it than 0,5*. Thus, we believe that the results art well con- 

lias been i^cently knowzi that a hexagonal lattice of two- and verged within at to 1% of their irae value, 

force-basis circukdiclcctric rods in lii can give rise to large Rpre 1 depicts the photonic band structure for a square 
absolute PBG's[10 T ll). In a square lattice, while a symm* ' lattice of square dielectric rods in air. The index of tefatiori 

try breaking by changing the shape of square air rods to pf the rod is IS, which corresponds to that of GaAs in the IR 

rectangular reduces the width of the absolute PBG's [91 a wavelength range, and a filling ftaction of (he dielectric rods 

fz(dfa) l ±4\% where i is the width of the square dielec* 



at the center o 4 v . u 

It was reported tot a.square Wee of square and circular where £ 9 and fl 4 gaps overlap, where J, and ff, denotes the 
didectric rods in air do not give rise to absolute PBG's gap to occurs between the Ah and (/+ l)ft bands (or the 
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HQ, I, Photonic band stmre of a squats lattice of square 
dielectric rods with flic index of refraction 3.5 wte the filling 
Mon of square dielectric rods is 41 1 Solid line (-) and dashed 
line (■ •) denote the is polarization and E ptotion, respectively, 
The fieqtiency is nofmalized. In udUs of Iwk where d Is the 
htlice constant and c the vacuum velocity of light, so ik mlln 
. is dimeosionltss, The absolute PBG is represented in gray, The 
inact shows the first BriUodn zone of a two-dimensional strife 
lattice, 

H polarization is ^ in a square lattice of square (circular) 
air rods, is (he first gap of V polarization in a square 
lattice of square dielectric rods in air. It seems that 2D lar- 
ta of dielectric rods in air toe a larger absolute band gap 
in higher frequency regions than 2D lattices of air reds 
[10,11]. 

Figure 2 shows die gap map for a square lattice of square 
dielectric rods with the index of infraction 3,5 as a town 
Of the filling faction of the square dielectric rods. The abso- 
lute EBG is hatched, We only consider the bands below the 
tenth W for both£ and# polarizations. He absolute PBG 
starts near / is about in(ila^Sl) and ends at about 
70*(ito-(MH). Ite gap size &tu reaches the wsmm 
value M370farc/a) at /-41ft, which corresponds to 
dfeptft We should note here UB$ islteonly Wgap 
appearing Mow ttfctcnihbandof H polarizatjoa Therefore, 
the only one absolute PBG exists due to the overlap of %\ 
and gaps in tliis frequency region. 

Figure 3 shows the gap size A&> in wb of Uck as a 
function of the index of refraction of the square dielectric 
rods when the tiling fraction of the rods is 411 A square 
Wee of square dielectric rods in air requires significantly 



FIG. Z The g»p map for a square lattiM of square dielectric rotb ' 
with the iadtn of refaction 3,5 js s function of (ho filling fraction 
of square dielectric rod> {dla)\ where d is the width of square 
tfelcctric rods. E\ and ft, denotes the gap Q»t cm between the 
Eth and (it l)th bind* kE t/A H polarizations, respectively. The 
solid im demotes •£< and the dashed line lf f . An absolute PBG 
results from the sapeipositjon of the and and is batched, An 
arrow is drawn ai/*0.41 where the width of the absolute PBG is 
maximum, the inset shows the cross section of the amy of square 
dielectric rods tt/*M The gray squares rcpreaent squaw dickc* 
trie nodi 

view is larger than 165 in the E or to visible to oeaj-IR 



In the 1R wavelength range, 1.5 jim is an important wave- 
length in optical telecommuiiicatioii % of (he absolute 
PBG of the square lattice of square GaAs rods in air can be 
rnalched to \*15 fim when <f=0.64 jirri, fl-LO/wn. A 
square lattice of square dielectric rods in air can be fabricated 
more easily than the hexagonal lattices of two- and three* 
basis circular dielectric rods in air in ite.IR or the visible to 
nevJR wavelength range. We suggest that a square lattice of 
square dielectric rods in air should be a good candidate for 
the fabrication of 2D photonic exists In the IR or the vis- 



PBG to a square Wee of square air rods, The minimum 
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ible to war-IE wavelength range, the visible to near-IR wavelength range by etching teckoi- 

Li coriclusion, we find £in absolute PBG in 2D ogy, 
lattice of square dielectric rods in air The minimum value of 

te index of refraction of square dielectric rods to generate This w& m supported in part by the Korea Science and 

ao absolute PBG is smaller than fat of widely used semi- Engineering Foundation through the Semiconductor Pliysics 

ooodwlors. It is easy to fabricate this $&« in the IR 01 Research Center at Jeoubqle National University, 
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